Hydrogen peroxide (H2O2) is one of the active oxygen species produced by leukocytes. In atherosclerotic lesions, leukocytes often induce endothelial cell damage. In our previous study, endothelial cell injury induced by activated leukocytes was mainly due to the H2O2 released under serum free conditions, i.e. almost similar to the ischemic condition (1). Hermann at al. reported that 18-hour treatment with H202 induced endothelial cell apoptosis in the condition containing serum (2).
Apoptosis of endothelial cells may be responsible for the vasculitis associated with systemic lupus erythematosus (3) and radiation pneumonitis (4). Firstly, we speculated that H2O2 induces various cell damages such as membrane injury and apoptosis, and showed the different mechanism of cell injury induced by H2O2 in the presence or absence of serum. Secondly, we report that endothelial cell apoptosis induced by staurosporine or tumor necrosis factor was inhibited by 4, 4-diisothiocyanatostilbene-2, 2-disulfonic acid (DIDS), a blocker of chloride bicarbonate exchanger (5, 6), which suggests that an ion channel such as a chloride bicarbonate exchanger may be involved in the apoptosis of endothelial cells. Moreover, this apoptosis is inhibited by a caspase inhibitor or DIDS similar to staurosporine or TNF induced apoptosis. 
Results

H2O2-induced cell membrane injury to endothelial cells under serum free condition
We examined the effect of H2O2 on endothelial cells under serum free condition. Control endothelial cells displayed a typical cobblestone morphology, but the treatment of these cells with 1 mmol/l of H2O2 for 6 hours caused severe cell destruction and induced 51Cr release , suggesting cell membrane injury, which occurred in a dose dependent manner (Fig. 1A) . However, H2O2 did not cause endothelial cell membrane injury when 10% serum was added to the culture medium (Fig. 1A ).
H2O2 and cycloheximide-induced apoptosis of endothelial cells H2O2 alone did not induce endothelial cell shrinkage in 10% serum-containing medium. However, concomitant treatment with cycloheximide (10 ,ug/ml) caused cell shrinkage under the same serum-containing condition. To determine whether the cell damage was due to apoptosis or not, we stained the cells with propidium iodide. The nuclei of the control endothelial cells were round, whereas the H2O2 (1 mmol/l) and cycloheximide (10 g/ml)-treated cells revealed fragmented nuclei. The endothelial cells with zD-dcb (a caspase inhibitor, 50 mol/I) completely inhibited the H2O2 and cycloheximideinduced nuclear fragmentation of the cells. zD-dcb suppressed the H 2 O 2 and cycloheximide-induced endothelial cell apoptosis in a dose-dependent manner, as shown in Fig. 2k On the other hand, zD-dcb did not reverse the decreased survival rate caused by the H2O2 under serum-free conditions (Fig. 2B) . Effects of ion transport inhibitors on endothelial cell apoptosis induced by H2O2 and cycloheximide : Concomitant treatment of endothelial cells with DIDS (a chloride bicarbonate exchanger blocker, 1 mmol/l) partially inhibited the H2O2 and cycloheximide-induced nuclear fragmentation of the cells, as demonstrated in Fig. 3A . DIDS (1 mmol/l) itself affected neither the morphology nor the apoptosis of the cells. DIDS suppressed the H2O2 and cycloheximide-induced endothelial cell apoptosis in a dose-dependent manner, as shown in Fig. 3A . On the other hand, the sodium proton antiporter blacker, dimethyl amiloride (0.1 mmol/l), exerted no effect on the H2O2 and cycloheximide-induced apoptosis (Fig. 4A) . The chloride ion pump inhibitor, anthracene carboxylic acid (1 mmol/l), did not inhibit the H2O2 and cycloheximide-induced apoptosis of endothelial cells (Fig. 4B) . However, DIDS did not reverse the decreased survival rate caused by the H2O2 under serum free conditions (Fig. 3B) . Effect of deferoxamine on endothelial cell apoptosis induced by H2O2 and cycloheximide : Concomitant treatment of endothelial cells with deferoxamine mesylate (an iron chelator, 1 mmol/l) did not inhibit the H2O2 and cycloheximide-induced nuclear fragmentation of the cells, as demonstrated in Fig. 5A . On the other hand, deferoxamine mesylate (1 mmol/l), exerted an inhibitory effect on the H2O2-induced cell membrane injury under serum free condition (Fig. 5B) . Discussion H2O2 induced endothelial cell membrane injury : H2O2 has been reported to induce cytotoxicity through Fenton's reaction.
In the presence of iron ion, H2O2 changes into hydroxylradical (Fenton's reaction), that is the most potent reactive oxygen to cell injury (12, 13). In our study, we demonstrated that cell membrane injury due to H2O2 was inhibited by deferoxamine mesylate, which has the ability to inhibit Fenton's reaction (Fig. 5B) . In the presence of serum, however, H2O2 could induce neither cell membrane injury nor apoptosis (Figs. 1A and 1B) . We consider that serum may induce cytoprotective protein against cell membrane injury and apoptosis. (A) Endothelial cell monolayers were treated with H2O2 (1 mmol/l) and cycloheximide (10 ug/ml) in the presence or absence of zD-dcb (50 umol/l) for 6 hours. After the incubation treatment, the cells were stained with propidium iodide, as described under Materials and Methods . * *p< 0.01 versus H2O2 and cycloheximide-treated group. Each experiment was repeated 3 times . (B) Endothelial cell monolayers were treated with H202 (100 umol/l) in a HBSS in the presence or absence of zD-dcb (50 ,umol/l) for 6 hours. After the incubation treatment , the cells were stained with MTT, as described under Materials and Methods. The data show the means+SEM for 8 wells . Each experiment was repeated 3 times. (14). This suggests that TNFa provides a cell survival signal in addition to the death signal. Cell survival factors induced by TNFa are BCI-2 analogues, Al, FGF-1 and nitric oxide (inducible nitric oxide synthase) (15, 16) . Cycloheximide may inhibit the protein synthesis of these anti-apoptotic factors and be able to easily enhance the TNFa-induced apoptosis. Therefore, we speculate that H2O2 and cycloheximide induced apoptosis through the same mechanism as the TNFa-induced apoptosis. Although H2O2 inducedFenton's reaction is involved in membrane injury in the serum free condition (Fig. 5B) , it is not dependent on apoptosis (Fig. 5A ). H2O2 and cycloheximide-induced apoptosis was connected with the chloride bicarbonate exchanger : In the present study, we attempted to use a blocker of chloride bicarbonate exchange to inhibit H2O2 and cycloheximideinduced apoptosis.
In order to maintain cell shape, it is necessary to regulate the osmotic pressure and ion influx. We first considered the chloride channel, since this channel is responsible for regulating the anionic properties and intracellular pH. Moreover, chloride ion influx influences the shrinkage of cells (17). In our previous paper, DIDS, one of the chloride bicarbonate exchange blockers, prevented staurosporine or TNFa induced apoptosis in endothelial cells. In this study, DIDS also inhibited H2O2 and cycloheximide-induced apoptosis of endothelial cells (Fig. 3A) , although neither blocker of chloride channel nor inhibitor of sodium proton transporter affected the apoptosis (Fig. 4) . There is a possibility that H2O2 and cycloheximide affect the function of the chloride bicarbonate exchange, thereby eliciting a change in the intracellular chloride ion level as well as in the intracellular bicarbonate level : Apoptosis could then be induced by chloride ion efflux, followed by a change in the intracellular pH. In our data, DIDS inhibited the endothelial cell apoptosis and an increase in pH induced by staurosporine, another apoptosis inducer. Staurosporine changed the intracellular pH from 6.9 to 7.4 through a chloride bicarbonate exchange (5). The change in pH occurs prior to the caspase activation.
We speculate that endothelial cell apoptosis induced by H2O2 and cycloheximide as well as staurosporine may be due to the activation of chloride bicarbonate exchange chloride efflux and bicarbonate influx (an increase in pH). We consider that pH change due to chloride bicarbonate exchange may be related to caspase activation, although we still have no direct proof. (A) Endothelial cell monolayers were treated with H2O2 (1 mmol/l) and cycloheximide (10 ug/ml) in the presence of various concentration of amiloride, an inhibitor of sodium proton transporter (10-100 umol / I) for 6 hours. After the incubation treatment, the cells were stained with propidium iodide, as described under Materials and Methods. Each experiment was repeated 3 times. (B) Endothelial cell monolayers were treated with H2O2 (1 mmol/l) and cycloheximide (10 ug/ml) in the presence of various concentration of anthracene carboxylic acid, a blocker of chloride ion channel (0.1-1 mmol/l) for 6 hours. After the incubation treatment, the cells were stained with propidium iodide, as described under Materials and Methods. Each experiment was repeated 3 times.
Currently, we are attempting to elucidate more precisely the mechanism underlying the apoptosis which is related to various ion pumps, including an examination of the roles of chloride ion and intracellular pH.
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